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Occutrence, Geochemistty and Fate of Manganese
Skinner Landfill, West Chester, Ohio

The purpose of this report is to present information and opimons regarding the
occutrence. geochemistry and fate of manganese at the Skitiner Landfill, West Chestet,
Ohio. This repott is based on my twenty-three years expetience as a groundwater
geochermist and review of the technical data and othet information you have provided,
including but not limited to the material 1dentified in Exhibit A.

Introduction

Mangattese is a hatutally occurting metal that is common in soil. sediment, gtoundwater
and surface water. Permanganate (MnQOy), the highly oxidized form of matiganese. is
used as a cleaning agent for metals. At an industrial facility operated by Aeronca, Inc. in
Middletown, Ohio. a solution containing potasstum permanganate was used in a cleaning
bath for stainless steel parts. It 1s alleged that spent cleaning solution contaitting tesidual
potassium permangarnate and its byproducts (described below) was sent to the Skinner
Landfill for disposal. The landfill was used for the disposal of municipal refuse for
approximately 56 years (1934 — 1990). As eatly as 1964, industrial wastes wete also
accepted for disposal. This landfill is now on the National Priotities List for cleanup
because of contamination of soil and watet by a wide variety of otganic and inorgatuc
compounds. The site has been charactenzed by Phase [ and Phase II Retnedial
Investigations conducted by Roy F. Weston, Inc. (1989) and WW Engitteering &
Sciences Itic. (1991), respectively.

Manganese has been identified as onie of the contaminants of potential concern in
groundwater and the sutface water of Skinner Creek. The source(s) of manganese in
these waters may be either (of both) natutally occutring or landfill-disposed manganese.
The occurrence of elevated mangancse in groundwater and surface water is a futiction of
the geochemistry of manganese and the local environmental conditions. This report
discusses the following topics as they apply to manganese and the Skinner Landfifl:

* Manganese Geochemmistry

» Impact of Landfills on Manganese Mobility

¢ Occurrence of Manganese at the Skinner Landfill

¢ Potassium Permanganate Chemistry, Uses and Byproducts

¢ Fate of Potassium Permanganate in the Landfill Environment

* s Potassium Permanganate Likely to Increase/Decrease Manganese Concentrations
in Groundwater and/or Surface Water

The final section of this tepott is a summary of these topics and provides conclusiorts
relative to the contribution of disposed petmanganate waste to the occuirrence of
manganese contamination at a level of concetn at the Skinner Landfill.

Manganese Geochemistry

Mangarnese 15 a comtrion minor element in soil with a normal range in concentration of
20 to 3.000 mg/kg (Lindsay 1979). It is redox-sensitive and occurs nattirally in the
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cnvitronment in three valefice states: Mn(I1), Mn(1Il). and Mn(IV). [The valence state of
an element reflects the electtical charge on the species of the element: for example Mn(I
is the +2 charge species of manganese. The higher the charge. or valence, the more
oxidized the element; and the lower the chatge, the more reduced the elethent.] Common
manganese minerals that form from each of its naturally-occurring valefice states are:
Mn(ID) - thodochrosite (MnCQO;5); Mn(1Il) -~ manganite (y-MnOOH): and Mn(IV) -
pyrolusite (8-MnQO;). 1t has been shown that mictoorganisms can obtain cnetgy by the
oxidatio of orgatic matter to carbon dioxide with Mn(IV) as the sole electron acceptor
(Loviey 1991). The source of Mn(IV) it an aquifer is the minerals. such as pyrolusite.
that contain this valence state of the element. The oxidatiot/reduction process for
pytolusite can be represented by the following reaction:

2 MnOs(pytolusite) + 4 H* + CH,0 — 2Mn* +3H,0+CO;, (1)

where CH;O (carbohydrate) is used to represent organic compounds, which are oxidized
by Mn(IV) in MnO,. The Mn?* released to solution by this reaction may pattially
precipitate under reducing cotditions (that is, conditions that favor the lower valence
state species of manganese) as rhodochrosite accorditig to:

Mn®* + CO;% — MnCOs(rhodochrosite) (2)

The resulting dissolved concentration of tanganese in equilibrium with the manganese
mineral will be a function of many factors including groundwater pH, Eh. carbonate
concentrations and ionic strength. however rhodochrosite is generally more soluble than
pyrolusite. thus the dissolved Mn concentration will be higher in groundwater limited by
thodochrosite formation than one limited by pytolusite formation. {Eh is a measure of
the redox potential of the aquifer. A low Eh reflects teducing conditions that favor lower
valence states of manganese, while a high Eh reflects oxidizing conditions and favors
higher valetice states.] Typical oxidizing groundwater conditionts (pH =7, Eh > 600mV)
tesult in pyrolusite limiting dissolved manganese to less than 0.05 mg/L, whereas typical
reducing groundwater conditions (pH =7, Eh < 400 mV) result in thodochrosite limiting
dissolved manganese it the range of 5.5 to 30 mg/L (Lindsay 1979).

Reoxidation of a gtoundwater with high dissolved Mn** commonly leads first to the
formation of an Mn** mineral (Eary and Schramke 1990) by reactions of the type:

2 Mn?* + V2 O, + 3H,0 — 2 MnOOH(mangatite) + 4 H* (3)

The solubility of MNOOH may be 100x less than that of MnCO; under the more
oxidizing conditions. consequently the dissolved Mn®* concentration may be on the ordet
of 0.05 mg/L when limited by MnOOH under oxidizing conditions.

As a consequefice of the above redox reactions. the dissolved manganese conicentration is
coftrolled by tiatural site conditions and the formation of stable manganese minerals.
which have different solubilities depending on the site conditions. Application of these
geochemical processes to the {andfill environiment is discussed rext.
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Impact of Landfills on Manganese Mobility

A landfill is a soutce of reactive organic miatter like the carbohydtate that reduced
pyrolusite in reaction (1) above. Because of this. placing 4 landfill on a typical oxidized
soil creates a localized reducing condition that commonly dissolves manganese minerals
in the soil as the landfill leachate moves through the subsurface. This leads to elevated
thanganese concefitrations in groundwater beneath and immediately downgradient of the
landfill (Deutsch 1997). As the groundwater flows away from the landfill and reoxidizes,
dissolved manganese concentrations decresse due to physical dispetsion processes and
the geochernical process of mineral formation described above (reaction 3).

Several examples of manganese geochemistry at landfills have been published.
Baedecker and Back (1979) showed that at the Army Creek tandfill in Detaware
dissolved manganese iticreased from less than 0.01 mg/L under background conditions to
4.2 mg/L adjacent to the landfill. Downgradient of the landfill. the concentration began
to decrease and it had returned to background about 800m from the landfill. Baedecker
and Apgar (1984) described the geochernical processes active at the Army Creek landfil]
and noted the preserice of the reduced Mn mineral rhodochrosite adjacent to the landfill
and an oxidized MnO; mineral farther downgradient. They equated the reducing
conditions at the landfil to the degradation of landfill organic matter. Nicholson et al.
(1983) found a sitnilar situation at the Borden landfill (Ontario, Canada) where the
backgroutid Mn cottcentration was 0.28 mg/L and the concentration in the plume
downgradient of the landfill was {1 mg/L. They also discuss the change in redox
condition along the flow path and the manganese minerals that conttol dissolved Mn
cancentrations.

Mirecki and Parks (1994) studied the Shelby Courty {andfill (Memphis, Tennessee) and
found that the average Mn in background wells in the alluvial aquifer was 0.185 mg/L:
whereas 1n the wells downgradietit of the landfill it was 2.5 mg/L. The tedox potential
was very reducing at about 0 mV near the landfil! and it was more oxidizing
downgradient. Niclsen et al. (1995) measured the following dissolved Mn concentrations
associated with the Vejen City landfill (Jutlatd, Denmark):

landfill perimeter - 5.7 mg/l:
135m downgradient - 0.67 mg/L.
250m downgradient - 0.46;
350m downgradient - <0.1 mg/L.

Deutsch (1997) discusses Mn mobility at the Fort Lewis (Washington) landfill where the
dissolved Mn ificreases to 11 mg/L due to the influence of landfill leachate. but the
concentration returns to background (<0.05 mg/L) 650m downgradient of the fandfill. At
this site, the landfill depressed the pH to 6.25 frotn a background value of 7.25.
Downgradient of the landfill, the pH increased to background over the distarce required
for mangatese mineral formation.

The mobilization of manganese by organic tatter has also been show for conditions
other than found at landfills. At a crude oil spill site in Minnesota, dissolved Mn



increases from < 0.03 mg/1. upgradient of the spill to 6.6 mg/L. in the vicitiity of the
product floating on the water table. I this case. the reducing conditions ate produced by
the soluble. oxidizable components of the crude oil that dissolve into the groundwater.

As the groundwater naturally reoxidizes downgradient of the spill site, the dissolved Mn
concentration returtis to backgtound withint 100 to 150 metets of the source (Baedecker et
al. 1993). Note that the soluble components of petroleum hydrocarbon include benzene,
ethylbenzene and toluene, which are ptesefit at high concentrations in the waste lagoon
sediments and groundwater at the Skinner Landfill. These compounds were also found in
drums nedr the waste lagoon and latdfill (WWES 1992).

Occurrence of Manganese at the Skinner Landfill

The concentrations of manganese have been charactetized during the Skinner Landfill
Remedial Investigation for a wide variety of media (groundwater, surface water. soil and
sediment). This section discusses the concentration ranges relative to background fevels.
The background concentrations were measured in media unaffected by the landfill.

Groundwater

Groundwater beneath the Skinner Landfill flows in a shallow aquifer comptised of
unconsolidated sand and gravel deposits. Underlying this shallow aquifer is the bedrock
aquifer. Groundwater samples were collected and analyzed for potential organic and
inorganic cofitaminants from 39 monitoring wells installed in the two aquifers. Table 24
of the Baseline Risk Assessmient lists the manganese range of detectiotis in groundwater
as 0.0104 to 18 mp/L with a background concentration range of 0.021 to 0.712 mg/L.
The higher levels of manganese concentration in impacted groundwater are consistent
with the solubility of manganese minerals affected by leachate from a landfill described
above.

Surface Water

Surface waters were collected and analyzed ftom Mill Creek. Skiniier Creek. Dump
Creek. Diving Pond and Trilobite Pond. As shown in Table 2-1 of the Baseline Risk
Assesstnent. manganese was not considered a contaminant of concemn n any of these
locations, except one, because its concentration was similar to background values. The
one exception is Skinner Creek surface water where manganese concentration was
measured in the range of 0.0163 to 0.0715 mg/L (Table 2-5. Baseline Risk Assessment).
which was considered elevated compared to the background manganese concentration of
0.0094 mg/L for the creek. ’

Soil

Sixty-two soil samples were collected in the vicinity of the buried waste iagoon and
analyzed for a wide variety of potential contaminants. including tmanganese. The range
of detected ttianganese concentrations in soil near the waste lagoon is 168 to 2.430 mg/kg
(Phase 11 RI Table 5.3). Seven soil samples were collected in the vicinity of the buned
pit and analyzed for manganese. The range of detected manganese concentrations in soil



near the buried pit is 639 to 3,630 mg/kg (Phase II RI Table 5.4). Nineteen additional
soil samples wete collected and analyzed for manpanese from monitonng well boteholes
throughout the site. The range of detected manganese soil concentratiotis from these
samples is 337 to 1.830 mg/kg (Phase Il RI Table 5.5). The range of background
concentrations for manganese in soil has been reported as 542 to 1,180 thg/kg (Phase 11
RI Table 5.3. 5.4 and 5.5). Manganese was not cotisideted a chemical of coticern for soil
in the Baselifte Risk Assessment when the measured soil concentrations were compared
to this background range (Baseline Risk Asscssment Table 2-1).

Sediment

Seditnent samples from three creeks. three ponds and three leachate seeps associated with
the site werc collected and analyzed. The tange of manganese concentrations fot the 32
sedifnent samples is 470 to 3.520 mg/kg (Phase II RI Table 5.13, 5.15. 5.17 and 5.19).
The range of background coticentrations for manganese in sediment has been repotted as
805 to 3.250 mg/kg (Phase II RI Table 5.13. 5.15, 5.17 and 5.19). Manganese is not
considered a chemcal of concern for sediments based on a comparison with background
levels (Bascline Risk Assessment Table 2-1).

Summary of Manganese Detections

Based on the sampling described above, manganese is only considered elevated in
groundwater and Skinner Creek surface water. Skinnet Creek may be pattially fed by
groundwater with elevated dissolved manganese. The other surface water bodies at the
site and the soil and sediment ate not considered to be contaminated with manganese.

Potassium Permanganate Chemistry, Uses and Byproducts

Mangartese ift permanganate (MnOq') is in the +7 valence state [Mn(VII)]. This is not a
naturally occutring valence state for manganese. Permanganate is produced by an
industnsl process for the purpose of creating a strong oxidizing agent. Ma(VII) is not a
thermodynamically stable form of manganese, and it will slowly oxidize water with the
evolution of oxygeti:

AMnOs +4H 54 Mn0O,+2H,0+30;, 4)

In this oxidation-teduction teactionn Ma(VII) in the permanganate ion is reduced to
Mn(IV) and it forms the stable +4 manganese mineral pyrolusite.

Potassium permanganate is a strong oxidant that has been used for apptoximately 100
years in the drinking water, wastewater and chemical manufacturing industries. [An
oxidant is a chemical compound that has the ability 1o raise the valence state (oxidize) a
contaminant. For example. hydrogen sulfide is a contaminant in which sulfur is in the -2
valence state. An oxidant will oxidize this sulfur to the +6 valence state and charige the
hydrogen sulfide contaminant to the relatively benign sulfate compound.] In potable
water it is used to control taste and odor problemts by oxidizing irott, manganese and
hydrogen sulfide. In the wastewater field, it is used to oxidize hydrogen sulfide and other
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odot causing compounds, prevent cotrosiott, and destroy pheniol and othet toxic
pollutants. In the manufactuting industry it is used for metals surface treatment and
equipment cleaning. This was the application of petmanganate at the Aeronca plant in
Middletown.

Rather than being considered a source of groundwater contamination. potassium
perthanganate has been identified. tested and used as a reagent to treat groundwater
contarninated with organic contaminants. The strong oxidizing ability of permanganate is
used to oxidize the carbon in the organic compounds to catbon dioxide and decompose
the contaminant to innocuous 1norganic compounds. For example, potassium
petmmanganate has beett emplaced in the aquifer at the Portsmouth Gaseous Diffusion
plant in central Ohio to test its ability to oxidize trichloroethylene (TCE) that is
contaminating the groundwater (Siegrist, Lowe et al. 1999). The oxidation of TCE
(C;HCl;3) by petrmanganate can be reptesented by the reaction:

C;HCl; + 2 MnOy 4+ 2 HO - 2 MnO; + 2 HCO; + 3 CI' + 3H* (5

At the recent Battelle Confetence on Remediation of Chlotinated and Recalcitrant
Compounds (May 20-23, 2002; Monterey, California), at least 18 papers were prescnted
on the use of permanganate for aquifer remediation and an entire session was devoted to
pertmanganate oxidation of organic compounds.

The primary manganese byproducts of permarnganate are the manganese mitterals
describe above (pyrolusite, manganite and rhodochrosite). The type of natural
manganese solid that forms in the environtnent depends on the pH. redox state and
concentrations of other tons in the groundwater or surface water. The resulting dissolved
coficentration of manganese is a futictioning of the solubility of the manganese solid in
the environment.

Fate of Potassiuth Permanganate in the Landfill Environment

As discussed above, it is alleged that spent cleaning solution containing tesidual
potassium permangarnate and its byproducts was sent to the Skinner Landfill for disposal.
Reaction (4) shows that the primary manganese byproduct of permanganate
decomposition is mangatiese dioxide, MnQ,. The disposal of MnO; in the landfill adds
to the natural concentration of manganese in the so1l, which is likely present as MnO;
and/or MnOOH. The effect on groundwatet concentration of adding additional MhOj to
the soil is discussed in the following sectioni. The residual permanganate added to the
landfill produces reduction/oxidation (redox) reactions because of the strong oxidizing
ability of this compound.

Redox reactions require that one compound be oxidized while another is being reduced.
The addition of an oxidizing agent. like permanganate, to a Jandfill environment with
reduced otganic compounds, such as behzenhe and toluene, produces redox reactions. The
Remedial Investigation reports document the presence of oxidizable organic compounds
in the soil and groundwater at the landfill. A representative redox reaction between
organic compourids ahd permanganate is benizente (CeHs) oxidation:
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CesHs + lOMnOs + 4 H" — 10 MnO,; + 6 HCO5 + 2 H,0 (6)

In this reaction. carbon is oxidized from the —1 valence state 1n benzene to the 44 valence
state in HCO;™ (bicarbonate) as manganese is reduced from the +7 valence state in
permanganate to the 4 valence state in MnO;. Petmanganate thus oxidizes many of the
organic contaminants co-disposed in the landfill producing innocuous, inorganic forms of
carbon such as bicarbonate. This is the same process that occurs when permanganate is
used as a remediation agent for organic compounds described above. The manganese
that is reduced forms the solid MnQ, or some othetr manganese solid (MnOOH or
MnCO;) depending on the final pH and Eh of the environment.

Is Potassium Permanganate Likely to Increase/Decrease Manganese Concentrations
in Groundwater and/or Surface Water

The dissolved manganese concetitration 1n groundwater or surface water is a function of
the solubility of the manganese mineral that is limiting the dissolved level. As discussed
above, manganese is a redox-sensitive element and at normal envitonmental pH values
the solubilities of its minerals are primarily a function of the redox potential of the
environment. Under relatively oxidizing Eh conditions (> 600 mV), pytolusite (MnO,)
limits dissolved manganese to low concertrations typically less than 0.05 mg/L, while
under relatively reducing Eh conditions (< 400 mV) rhodochrosite (MnCOs3) limits the
dissolved manganese concentration, but at telatively high levels of about S to 30 mg/L.
As a consequefice, because the dissolved concentration of manganese in groundwater or
surface water is limited by the formation of these teaction products. the conicentration in
water has little to do with the amount of manganese solids in the soil or sediment. As
long as a mineral 1s effectively limiting the dissolved manganese concentration, adding or
rernoving the mineral containing the element from the solid phase will not affect the
dissolved concentration. Cotisequently, the addition of permanganate and its byproduct
manganese minerals to the landfill will not directly affect the concentration of manganese
in the groundwater ot sutface water, except as it affects the Eh of the environtnent.

Because permanganate is 4 strong oxidizing agent, it will tend to raise the Eh of the
environment. This will favor the formation of the byptoduct manganese minetals
pyrolusite or manganite over rhodochrosite. which will limit the dissolved manganese to
lower levels. However. if the reducing capacity of the envitonmernt is greater than the
oxidizitig capacity of the permanganate, then the Eh of the environment may not be
raised by the addition of permanganate. This is the typical condition in a landfill or waste
lagoon with large quantities of orgamc matter, which acts as a reducing agent. Where
there is more reducing agent than oxidizing agent. the result will be that the system
becotnes reducing and the Eh is depressed. This is the case at the Skinner Landfill.
Although the Eh was tiot measured during the investigations at the landfill, the dissolved
irofi concentrations were detetmined. Dissolved irofi can be used to estimate Eh
conditions, because 1ron concentrations are low utider oxidizing conditions and high
under reducing conditions at notmal groundwater pH values. Iron was detected in the
range of 4.23 to 19 mg/L in the contaminated sand and gravel aquifer monitoring wells
compared to a background range of 0.009 to 0.018 mg/L.. This strongly suggests that the
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landfill has geticrated reducing conditions it the groundwater. The elevated manganese
in the water is not a tesult of the permariganate ot its byproduct manganese minerals
added to the landfill, but is a response to the reducing environment created by the otganic
matter disposed in the landfill. The addition of permanganate to the landfill would work
to reduce the dissolved manganese level in water because of its potential to make
conditions more oxidizing.

Summary and Conclusions

Spent permanganate cleaning soldtion was allegedly disposed of at the Skinner Landfill.
The Remedial Investigation conducted at the Jandfill showed elevated dissolved
manganese in groundwater beneath and downgradient of the landfill and Skinner Cteek
surface water. but manganese concentrations were not elevated in soil, sediment or other
surface waters.

Manganese is a reactive element in the efivironment. Under oxidizing conditions found
in most shallow groundwaters. mineral formation will limit dissolved Mn to low
dissolved concentratiotis (<0.05 mg/L). If reducing conditions are imposed on the natural
system by a landfill or other source of oxidizable organic matter. the Mn minerals will
become tnore soluble and will maintain a higher level (tens of mg/1) of dissolved Mn in
groundwater.

The manganese in permanganate is in the highly oxidized +7 valence state making
permanganate a sttong oxidizing agent. which is used int many cornmercial applications
including groundwater treatment. The byproducts of permanganate oxidation are the
relatively oxidizing manganese miferals, such as pyrolusite and manganite. The disposal
of pettnanganate and its byproduct manganese mtinerals at a landfil! would tend to
coufiter the reducing ability of the co-disposed organic contaminants thereby making the
systemn less reducing. This would lower rather than raise the dissolved manganese
coficentrations in groundwater and sutface waters impacted by the landfill.

The elevated manganese in groundwater and surface watet at the Skinner Landfill is a
result of the reducing reactions between disposed organic compounds and the naturally
occurting tnanganese miinerals in the soil and sediment. The addition of permanganate
and its byproducts to the Skinner Landfill does not produce the elevated dissolved
manganese levels, and may actually lower mangatiese concentratiotis in groundwater and
surface water.
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geochemical modeling for the National Ground Water
Associagtion and other professions! arganizations. His book
tiled Groundwater Geochernistry was published in 1997 by
CRC Prass. Specific experience includes:

Site Investigations

e Remedial investigation, Maine Departrment of Envirchmental
Protection. Blue Hill Mine Site. Maine. Review and evaluate Rl
Repart for this farmer Zh-Cu copper mine that is generating acid
mine drainage from the tailings and disposed mine rock. Provide
geochemical expertise in the selection of an appropriate
remadiation technique.

»  Well Figld Program., City of Pottland, Oregon. Augmented
hydralogic tnethods with geochemmicat technidues, such as stable
isotape data (H/D and *0/"°0) and plotting water compasition on
trilinear diagrams, to evaluate sources of recharge to grouhdwater
and surface water bodies

» Water Resourcas Assesstent, Sierra Pacific Resources,
Thousand Springs Valley. Northeast Nevada. Responsible for
geochemistry cotnponent of a program to evaluate the quantity and
quality of groundwater and surface water in a 400-square-mile
basin. Tasks included compiling spring water and well water data
for aver 100 sampling locations. evaluating existing geochemical
systemn from major ion and stable isotope data, and predicting the
impact of groundwater production on the geochernical system.

s Mine Developtment, confidential client, New Zealand Evaluated
expected pit lake water chemistry from a proposed open pit gold
mine Used the geochemical modeling codes PHREEQE and
MINTEQ to simulate the mixitg and chemical reactions of several
water types (runeff, rainfall and groundwatet) in the pit. Estirated
the expected water composition of tha lake for comparison with
requlatory standards.

*  Geochemical Model Oevelopmant, confidential client, Salt L.ake
City, Utah. Developed a conceptual water-rock model and a
MINTEQ-based chemical reaction mode! of ste affected by low pH
leachate from a resetvorr and mine tdilings area. The geochemical
model was used with 2 transport model developed by others to
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simulate the lang-term affect of the leachate an groundwater quality
and to evaluate remedial alternatives.

East Gate Disposal Yard Expanded Site Investigation, USACE.
Fatt Lewis. Washington. Project Manager and lead technical
resource for investigation. This disposal yard was used for many
years to dispase of spert solvents and used petroleum products
generated at vehicle maintenance facilities. A plume of chlarinated
solvent groundwater contamination extended several miles
downgradient af the disposal yard. This investigation focused on
Identifying and characterizing dense nonaqueous phase liquids
(DNAPLs) in the aquifer that are continuing sources of groundwatert
contamingtion. Sail, groundwatar, and vapor samples were
collected using trenching. drivepoint. soit boring and monitoring well
methods.

Vancouver Barracks Site Ingpection, USACE. Vancouvet,
Washington. Project Manager for this site inspection, which was
conducted under Comprehensive Environmentsl Response,
Cuampensation, and Liability Act (CERCLA) guidelines. Seil
sampling cotiducted at forther maintenance facilities and
underground storage tank (UST) locations to evaluate the
presence of contamination. Samples analyzed for all copounds
in the CERCLA Target Analyte List and Target Compound List.
Recommended removing site from consideration for the National
Priorities List.

Greenacres Landfill Remedial Ihvestigation/Feasibdity Study
(RVFS), Spokane County. Spokane, Washington, Project Manager
responsible for completion of R| report and direction of FS at this
Superfund slite Primary considerations included groundwater
cortaminated with organic and inorganic compounds. Presented
RIFS resylts at public information meating.

Resource Conservation and Recovery Act (RCRA) Closures,
Westert Farm Service. eastern Washington. This project included
evaluation of five sites for residusl soil/water pesticide
contamination produced by past operating practices As Project
Manager, responsible for developing sampling and analysis plans,
oversight of sampling activities, and preparation of dlosure plans.
Fott Lewis Landfill No. 5 RIFS, USACE. Fort Lewis, Washington
Project Manager for Ri at this Supertund landfill site. This effort
involved the development of 4 Camprehensive Work Plan and
detalled Sampling and Analysis Plan. The study ncluded a
gebphysical survey; waste characterization: and hydrogeologic
investigation consssting of the installation of monitoring wells. purrp
tests, aquifer charactetization, and water sampling and analysls of
monitoring wells and surface water locations. Presented results of
studies at a public information meeting RI and rigk assessments
suppatted 8 No Actioh Record of Decislon, which was signed in
July 1992

Responsible for technical development of a prototype metal
speaclation and computer simulation mode! for the U S.
Environmental Protection Agency. This project included testing
existing geachemical codes and developing methodologies linking
a geochemical code with 3 flow code.

Factory Lane Site Investigation, Rhone-Poulenc, Middlesex, New
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Jersey. Evaluated the fate and transpott of arsenic in soil and
groundwater at this facllity. Developed procedures for estimating
the importance of geochemical retardation of arsenic during
transport by groundwater,

s Part B Permit Applications, confidential cllent, Casmalg, Califormia,
Prepared soil and groundwater geochemistry sections for RCRA
Part B applications and California solid waste assessment reports.
Conducted characterization studies of hazardaus waste facilities
contalining metals, acids, solvents, herblcides, pesticides.
polychlornated biphenyls (PCBs). and ather orgartic and inorgatic
matetials For manitaring purpases at these sites, wrate and
contributed to groundwater, surface watet. and vadose zone
monkoting plans as well ag sampling and analysis blans.

¢ Phase ! Real Estate Transaction Audits. PureGro Cotmpany,
Sacramento, California. Project Manager for audlts condusted at
facilities in Washington, Otegon and (daho. Projects consisted of
records review. facility walk-throughs, interviews and a repott of
findings. Follow-on soil remediation for pesticidas and
hydrocarbons conducted at saveral sites.

s Site Agsessment and Remedial Design, Chevron-Chetnica!,
varlous sites in Waghington and Oregon. Pacific Northwest Site
Manager for work conducted at three nitrogen fertilizer plans with
elevatad levels of nitrogen (nitrate and arrimoniy) in soil and
groundwater. Site characterization and groundwster modeling
conducted st each facility to develop appropriate remedial
altematives for soil flughing and groundwater extraction.

s  Fort Lewis Logistics Center Site Investigation, Waghington Project
Mahager for this sampling, analysis, and avaluation project to
identity sources of trichlorbethene contamination in the Vashon
Drift and Salmon Sorings Aquifers at the Logistics Center.
Detected product in groundwater at a former drum disposal ares
and recommetided further charactenzation work to locate pure
phase contamination In the aquifer. Also conducted an extensive
sail survey to evaluate the possible presenice of lead and PCB
contarmnation in the material recycling yard.

Site Remediation

¢ Remedial Desigh, former phosphate plant. Conoco. Charleston,
South Carolina. Conceptual design and oversight of treatability
testing for ste with lead and arsenic groundwatar contamination at
pH values less 1. Arsenic remediation by iror mineral precipitation
and adsorption. Lead removal from groundwater by neutralization
and minerat precipitation,

«  Treatability Test. industrigl Landfill, Winthrop, Maine, Designed
and conducted bench-scale test of Oxvygan Refease Compound to
ramove elevated arsenic and iron from groundwater. Dissolved
cohceantrations reduced to below detaction limits.

s Focuged Feasibility Study (FFS). Dupont. Newport, Delaware.
Provided geochemistty/hydrogeciogy expertise for the
developrrient of ah FFS at former paint production facility.
Evaluated the fate and transport of lead, barium. cadrium, and
zine in the subsutface. Performed simulatiotis of soil and
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groundwater rerediation of the site for these metals.

s Mode! Developtment and Treatment Systern Agsessment,
confidantial client, Henderson, Nevada. Simulated the effect of
mineral precipitation from groundwater injected into a treatment
unit Quantdied the amount of precibitate anticipated and
caleulated the amourit of acid required to eliminate precipitation of
carbotiate minerals. Results of simulation verified by bench-scale
tests conducted by others.

s Remediation Desigh, Vineland Chemical Company, New Jersey
Developed and implemented geachamical sampling plan to
support remedial design for arsenic contaminated soil and
groundwater, A geochetmical model that included water/rack
processes affecting atsenic migration st the site was developed
and used lo evalyate and enhance proposed remediation
technigues.

s  Westinghouse-Hanford In-Situ Remediation Plan. Richtand,
Washington. Prepated gn updated ptoject plan for conducting
bench-gcale and pilot scale testing of in-sttu methods for
remediation of chromium contamination in sonl and groundwater at
the Hanford site  Proposed methods for testing the fixation of
chromiym In place. using various chemical reductants to change
the redox state and solubility of chromium  Also evaluated and
recotmmended adding iton oxyhydroxides to the syster to
scavenge mablle chromium and fix it in the solid phase. Discussed
the use of geachemical models to ald in the design df the tests and
interptotation of the results.

s Air Sparging Evaluation, USACE, Hastings, Nebraska Used site
groundwater data and the geochemical modeling code MINTEQ to
evaluate the amount of mineral pretipitation that would occur
during air spargitg of groundwater contaminated with volatle
organic compouhds Recommended methods for minimizing
maintenance costs resulting from mineral precipitation

«  Uranium Mill Tailings Remmedial Action (UMTRA), U.S. Departrment
of Energy. As the Seniar Geochemist ot the project. responsible
for the technical evaluation of the migration of contaminants
associated with seepage from the mill tailings piles into the
undetlying soil and aquifer systetms. Dasgighed aquifer protection
systems and developed alternative methods of restoration for
affected aquifers at the mill sites.

« For three years at Battelle, managed a project sponsered by the
Nuclear Regulatory Commission that evaluated methads for
minimizing groundwater contamination from in sitl leach uranium
mining operatiohs.

Environmental Compliance

« Environmentsl Compliance Assessment Surveys (ECAS). USACE,
Alaskd. Project Manager for ECAS work at Forts Richardsen,
Wainwright. and Greeley in Alaska. Project included comipliance
surveys of more than 100 facilities on the thtee bages, and
developing findings ard recommendations for improving
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operatiotis.

« Pollution Prevention Initiative, USACE. vatious locations. Project
Manager for an evalustion of hazardous materials Handling and
waste disposal practices at Army reserve bases in Washington.
Oregon and California. Projects include development of Poliution
Prevettion Plans; Spill Prevention, Controt. and Counterrmeasure
Plans: and Installation Spill Contingency Plans. Computer software
is also being developed for a hazardous materials database.

Tralning

e Lead instructor for the Woodward-Clyde “Retnediation by Naturat
Attenuation” semingr, which describes natural altenuation
processes in the environment, data collection requirements, model
applications, and regulatory compliance. This serningr has been
presented fourteen times nationwide in the past few years.

s Presented the nfroduction to Groundwater Geochernistry class
over 50 times since 1987 to approximately 2.000 professionals in
the National Ground Water Association,

« Developed and taught a groundwater geochemical modeling class
thraugh the National Ground Water Association and other
professional agsociations five times since 1990 This caurse
features the computer codes MINTEQ, PHREEQE and BALANCE.

e Presented two, mulit-day classes to the Maine Department of
Environmentsl Protection on groundwater geothermistry and
geochermical modeling.

« Onfour oecasions presented the geochemisiry portion of a
groundwater hydrolagy class held for Buresau of Land Maragement
employees. Described groundwater chemical charactenzation and
the geochemistry of contamination and remediation.

¢ On two occasions taught general groundwater geochemistry and
metals gevchemistry short courses to DuPont Corporate
Remediation Group.

Public Involverment

* Invited member of the Fate and Transport subcommittea te the
Science Advisory Board of the Washington Sate Department of
Ecology (Ecology). The subcorntrittee provides advice to Ecology
on technical issues such as sail and groundwater cleanup levels

s \Wrote the draft Proposed Plan for the Landfill No. 5 Superfund site
at Fort Lewis, Washington. Presented the technical information on
the Propoesed Plan at the public meeting.

¢ Presented the technical background at the public meeting for the
Clesihup Action Plan at the Greenacres Landfill, Spokane,
Waghingtorn Superfund site.

« Desctibed the technical aspects of the site investigation and long-
terrn monitoring at the Greenacres Landfill Spokane, Washington
fot the Ecology Technical Advigory Committee public meeting.

Project/Program Management

e U.S. Aarmy Corps of Engineers Indefinite Delivery Contract.
Contract Manager for three consecutive. three-year, $4M per year
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contracts. Delivery orders have included remedial designs for an
explosives washout lagoon, removal/replacement of USTs. site
investigations, RIFFSs, stormwater plans, real estate assessments,
and characterization/permit of hazardous materials frotn rerhote
sites. Qver 75 individual projects have been petformed under
these contracts

Served as the acting Manager of Mydrology at the Jacobs
Engineeting Albuquerque Operations Office. Responsible for the
supervision and direction of a team of 13 hydrologists.
hydrogeologists, and geochemists on the UMTRA Project. {n
addition, responsible for technical planning and implementation of
hydrogeologic charactetization studies, water resource evaluations,
contaminant migration analyses, and design of remedial action
plans for water resource protection

Spent six years as a research scientist at Battelle’s Pacific
Northwest Laboratory in Richland, Washington. Managed a project
sponsored by the U.S. Environmental Protection Agercy that
improved methods of modeling the rhovement of contaminated
water through soil and sediment. The thermodynamic database of
a geochemical modeling code was enhanced by adding elements
that are potential groundwater contaminants at some waste sites.
Instructed EPA In the proper method for developing realistc
themical models of reprasentative aquifer systetns.
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PUBLICATIONS,
REPORTS AND
PRESENTATIONS
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Mr Deutsch has authored or co-authored nurherous papers
dealing with groundwater chemistry and agutfer restoration
A complete list of publications is included below.

Deutsch, W.J 2002. Redox Processes in Irarganic
Remediation. Proceedings of Workshop o Monitoring
Oridation-Reduction Processes in Ground-Water
Restoration ed. by R. T. Wilkin. R, D. Ludwig and R.G_Ford.
EPA/GO0/R-02/002 U S. Environmental Protection Agency.
pages 49-52.

Deutsch. W J. 2000. Geochemistry. In Stahdard Handbook
of Environmental Science, Health, and Technology. ed. by J
H. Lehr, McGraw-Hill New Yotk

Deutsch, W.J. 2000. Geochemical Modeling. In Standard
Handbook of Environmental Science, Health, and
Technology, ed. by J. H. Lehr, McGraw-Hill New York.

Deutsch, W.J. 1997. Groundwater Geochemistry. CRC
Press New York.

Deutsch, W.J. 1995. Metal Mability at Landfills and Other
Waste Disposal Facilities. Presented at First Sytmposium on
the Hydrogealogy of Washingtan State.

Deutsch, W.J.. and K M. Krupka. MINTEQ Geochermical
Code: Campilation of Thermodynamic Database for the
Adueaus Species. Gases. and Solids Containing Chromium,
Mercury, Selenium, and Thallium. EPA docurment
(submitted).

Peterson. S R . C.J. Hostetler, w J. Deutsch. and C E.
Cowan, 1987. MINTEQ User's Manual. NUREG/CR-4808.
U.S. Nuclsar Regulatary Commission. Washington DC.

Peterson, S.R., and W.J. Deutsch. 1987. Geochemical
Reaction Madeling it Contamitant Migration Studles
Proceedings of the Conferenca on Solving Groundwater
Problerns with Models. National Water Well Association.
Denver Colotado, February 10-12, 1987, pp 1353-1383.

Deutsch, W.J. and JW. Thackston. 1986. Aquifer
Restoration Considetations at Inactive Uraniurm Mill Tailings
Sites. Proceedings of the Fourth Annual Hazardous
Materials Management Confererice. Atlantic City, New
Jersey. June 24, 1986

Dupuy. J. R, W.J. Deutsch, J. Hilton, G. Rice. and J W.
Thacksion. 1986. Wiater Resourte Protection and the
UMTRA Project: Three Case Histories Proceedings of the
Conference on Southwestern Ground Water lssues. National
Water Well Agsociation. Tempe, Arizona. October 20-22,
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1986.

Deutsch, W.J., LE. Eary, W.J. Matin. and S. Mclaurine.
1985. The Use of Sodium Sulfide fo Restore Aquifers
Sublected to In Situ Leaching of Utanium Ore Deposits.
Procaedings of the National Water Well Association Westem
Regonal Ground Water Conference. Jaruary 15-16, 1985,
Rero, Navada.

Deutsch, W J., W.J Martin, L.E. Eary, and R.J. Serme 1984,
Methods of Minimizing Ground-Water Contarnination from In
Situ Leach Uraniym Mining - Final Project Report.
NUREG/CR-3709, PNL- 5319, Prepared for the U S. Nuclear
Regulatory Commission by Pacific Northwest Laboratory.
Richiand, Washington.

Deutsch. W.J.. N E Bell. BW. Mercer, RJ. Serne, and JW.
Shade, 1984. Aquifer Restoration at In Situ Leach Uranium
Mines. NUREG/CR-3104, PNI-4583, Prepared for the U.S
Nuclear Regulatory Commission by Pacific Northwest
Laboratoty. Richland, Washington

Deutsch, W.J., and R.J. Seme. 1984, Uranium Mohbility in
the Naturs! Environment: Evidence from Sedimentary
Roll-Front Deposits. In Geochernica! Behavior of Disposed
Radioactve Waste ed. by G.S. Barmay. J D. Navratil, and
W.W. Schulz. ACS Sym. Senes No. 246, Am. Chem. Soc
Washington DC.

Sherwood, D.R.. C.J. Hastetler, and W.J. Deutsch. 1984.
ldentification of Chemical Processes Influencing Constituent
Mability during In Situ Uranium Leaching. Proceedings of the
Symbosium on Practical Applications of Ground Water
Models. Columbus, Ohio, August. 1984.

Blair, 8.C., W.J Deutsch, and L.D. Kannberg. 1984
Laboratory Permeablity Measurements in Support of an
Aquifer Thermal Energy Storage Site in Minnesota.
Proceedings of the 25th Apnual Rock Mechartics
Sythposium. Juhe, 1884, Evanston. lllinois.

Deutsch, W.J., R.J Setnie. N.E. Bell, and W.J. Martin. 1983.
Aduiter Restoration at tn Situ Leach Uranium Mines:
Evidence for Natural Restoration Processes.
NUREG/CR-3136, PNL-4604. Prepared for the U.S. Nuclear
Regulatory Commission by Pactfic Notthwest {aboratory.
Richland, Washington.

Deutsch, W.J , EA. Jenhe, and KM Krupka. 1982,
Corniputed Solld Phases Limiting the Concentration of
Dissoived Constitents in Basalt Aquifers of the Columbia
Plateau it Eastert Washington. PNL-4089, Pacific
Northwest Laboratory, Richland, Washington,

Deutsch, W.J. 1882. Guidelines fur Sampling and Analyzing
Solutions from Aquifer Thermal Energy Storage Systems.

11/06/02 9



Wiiliam 1. Bedtsch

PNL-4333, Pacific Northwaest Laboratory. Richland,
Washington

Krupka, KM, E A Jenne. and W J Deutsch. 1982.
Validation of the WATEQ4 Geochetnical Mode! for Uranium,
PNL-4533. Pacific Northwes! Labotatory, Richland,
Washington.

Deutsch, W J.. E.A. Jenne, and K.M. Krupka, 1982.
Solubility Equilibria in Basalt Aquifers: The Golumbia Plateau.
Easternt Washington, USA. Chemical Geology, 36:15-34.

Deutsch. W.J. 1980 Geochemical Modeling of the Nuclear

Waste Repository System - A Status Report PNL-3518.
Pacific Northwest Laboratory, Richland, Washington
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Deposition Testimony During Preceding Four Years (no trial testimony during this time
period)
1. Crystal Geyser Roxane Water Company ¥. Roger Womack, dba Quality
Piping Systems, No. 313860 (super. Ct.. San Francisco County.
Calif.}.

2. Pennsylvania American Water Company v. Jack Rich. Inc., No.
3:98Cv2135%5 (U.S. Dast. Ct., M.C.Pa.l.
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Compensation Description per agreement dated April 11, 2002

Mr. Deutsch has been ratained to prepare an initial expert report, a
tebuttal expert report (if requestecd). and to provide associated
techhical advice. with compeasation based upon z rate of $150 per hour
devoted to providing these services. Mz, Deutsch 1s to be compensated
st 3 rate of $25C for preparatlon and delivezry of testimony in
devosition and at trial. Mr. Deutsch 1s also to be reimbursed at cost

for hwz eXpenses incurced for travel, long distance telephone, lodging.

and other such i1temized expenses.

12

T PSR



